States and worldwide. The World Health Organization goals of significantly reducing morbidity and mortality rates from HCV by 2030 require a comprehensive effort to identify and treat all those that are infected.
Hepatitis C in Pregnancy
(1) Over the last 5-10 years in the United States, there has been a shift in the populations infected with HCV, with the so-called second wave of HCV infections fueled by the opioid crisis and increasing rates of new HCV infection among injection drug users 20-40 years of age.
(2) Further, an increase in HCV infection among women of childbearing age presents the additional problem of HCV transmission from mother to child. In light of this pronounced increase in the infection rate among women of childbearing age, the American Association for the Study of Liver Diseases and the Infectious Diseases Society of America (AASLD-IDSA) guidelines recently recommended screening of all pregnant women for HCV.
(3) As more women are diagnosed with HCV during pregnancy, liver specialists need to partner with obstetrics and pediatric providers to optimize care. Key among the management issues are the timing of antiviral therapy with direct-acting antivirals (DAAs) in relation to pregnancy as well as postpartum care of infants exposed to HCV (Fig. 1) . We review the epidemiology and natural history of HCV among women of childbearing age, impact of HCV on pregnancy outcomes, implications of pregnancy on HCV disease course, and potential management approaches in pregnant women with HCV.
Epidemiology of Hepatitis C Virus Among Women of Childbearing Age
Of the approximately 3.5 million people estimated to have chronic HCV infection, only 50% are aware of their diagnosis, 16% have been prescribed treatment, and only 9% have achieved sustained virologic response (SVR).
(4) Men outnumber women in terms of prevalent HCV cases, (5) but young persons who inject drugs include a substantial proportion of women of reproductive age.
(2) Women who inject drugs appear to have a higher risk of incident HCV, possibly due to higher risk-injecting behaviors compared to men.
Women are more likely to be injected by others, more frequently to be injected by sex partners, and more likely to engage in high-risk sexual behaviors for drugs than their male counterparts. There has also been an increase in HCV reported in women diagnosed specifically during pregnancy, with a 5-fold increase from 1998 to 2011; this is more than reported for hepatitis B virus (HBV) or human immunodeficiency virus (HIV). (7) Although this may reflect increased testing and reporting of HCV during pregnancy, the pronounced increase over time, especially when compared to other viral infections during pregnancy, suggests increased prevalence as well. According to data from the National Notifiable Diseases Surveillance System, of 425,322 women with confirmed HCV infection in the United States from 2006 to 2014, 171,801 (40.4%) were of reproductive age. The number of newly reported HCV cases among women of childbearing age has increased from around 15,500 in 2006 to 31,039 in 2014.
(2) Using data from a large commercial laboratory and birth certificate data in Kentucky (the state with the highest incidence of HCV during the period 2011-2014) and nationwide, a significant increase in HCV detection was evident from 2011 to 2014, with the proportion of infants born to HCV-infected mothers increasing by 68% nationally and by more than 200% in Kentucky. (8) Similarly, in another report comparing rates of HCV among pregnant women in Tennessee and the United States from 2009 to 2014, the proportion of pregnant women with HCV giving birth increased by 89% nationally. (9) Paralleling the rise in HCV infection among pregnant women is an increase in HCV artiCle inFormation: detection among children, in particular those aged 2-3 years, (2) suggesting perinatal transmission of HCV.
Natural History of HCV Among Women
The natural history of HCV among women compared to men appears to differ. Studies reveal a higher rate of spontaneous clearance of HCV among women compared to men. In a cohort of injection drug users in San Francisco, CA, clearance of acute HCV was 34.6/100 person-years of observation (PYO) (95% confidence interval [CI], 19.2-62.5) among women compared to 12.1/100 PYO (95% CI, 6.3-23.3) among men. (10) More than 50% of women historically infected with HCV through contaminated anti-D immune globulin spontaneously cleared. The mechanism behind the association of female sex with viral clearance may be related to immunologic differences between males and females due to sex steroid binding to specific receptors expressed in immune cells, although further study is necessary to confirm this. (11) Furthermore, some data suggest that women chronically infected with HCV can also spontaneously clear their HCV infection in the postpartum period. (12) One small study from Egypt demonstrated that 37/52 (71.2%) of pregnant women had a significant decline in their HCV viral load within the first 3 months after delivery, and 15 women had dropped their viral load to undetectable. Women with undetectable viral load by 12 months were most likely to spontaneously clear. In this study, the interleukin (IL)28B CT genotype had significantly lower odds of clearance then the CC allele. The potentially increased rate of spontaneous clearance postpartum in these women may be related to a surge of HCV-specific T cells in the postdelivery period when "immune reconstitution" takes place. Further confirmation of this phenomenon can impact the timing and selection of treatment of HCV, especially surrounding pregnancy.
Progression of HCV disease in women may also relate to antifibrotic effects of estrogens, with pregnancy potentially having a beneficial impact on the long-term progression of liver fibrosis and menopause (conversely, leading to more accelerated progression). Alternatively, the reduced prevalence of advanced fibrosis among women versus men may be due to a lower frequency of cofactors for liver disease progression, such as alcohol use. (13) (14) (15) 
Influence of HCV on Maternal and Fetal Outcomes
Pregnancy has little to no substantial effect on the progression of active HCV infection. Maternal serum aminotransferase levels tend to fall during pregnancy, possibly reflecting the less immune-reactive state of pregnancy. (16) These changes may be related to the influence of immunosuppressive cytokines synthesized during pregnancy. Minor increases in HCV RNA can occur, especially during the second and third trimesters. Most pregnant women have minimal levels of fibrosis, although advanced fibrosis may be seen. Studies evaluating histologic changes prepartum versus postpartum present conflicting information, but most favor a benign effect. In one prospective study of 145 women in British Columbia who were infected with HCV and were monitored during pregnancy, the fibrosis-4 (FIB-4) score appeared to increase during pregnancy. (17) However, the significance of FIB-4 scores in pregnancy is not validated. Transient elastography is also not approved for use during pregnancy in the United States; therefore, serial fibrosis assessments in patients with HCV during pregnancy are not available.
In considering the associations between maternal HCV infection and pregnancy outcomes, the presence of concurrent risk factors of poor outcomes, such as poor perinatal care and concurrent drug or alcohol use, need to be considered. Women of childbearing age with HCV were found to have premature ovarian senescence leading to pregnancy complications, such as gestational diabetes, preeclampsia, and miscarriage. (18) Successful treatment of HCV was found to reduce complications, such as miscarriage, in this cohort of women. (18) Regarding fetal outcomes, a prospective study of 145 pregnant women from British Columbia who were HCV-positive observed a 3.4% rate of intrauterine fetal death, 17.9% rate of preterm delivery, 11.3% rate of small for gestational age, and 12.5% rate of low birth weight infants, which were significantly higher than rates in the general British Columbia population (0.5%, 7%, and 5%, respectively). Interestingly, the authors did not find a significant association of adverse pregnancy outcomes with actual HCV viremia, which suggests that the risk factors for these adverse events may reflect other confounding factors, such as intravenous drug use and other background characteristics of the patient population. 17 Nonetheless, given the relatively high rates of poor obstetric outcomes, these authors suggested population-level screening for HCV in pregnancy. In a population-based cohort in Washington state, mothers who were HCV-positive were more likely to have infants that were low birth weight (odds ratio [OR], 2.17; 95% CI, 1.24-3.80) and to be small for gestational age (OR, 1.46; 95% CI, 1.00-2.13). (19) Similarly, in a cohort of pregnant women in France who were HIV-1-positive, HCV coinfection appeared to be associated with cholestasis (adjusted OR, 4.1; 95% CI, 1.5-10.8) and preterm delivery (OR, 3.0; 95% CI, 1.6-5.7), whereas coinfection with HBV was not. (20) The mechanism behind the association with preterm delivery was thought to be related to excessive local and/or systemic inflammation triggered by HCV infection. However, as highlighted above, HCV infection may co-associate with high-risk behaviors that are responsible for preterm birth and other pregnancy complications. It is difficult to adjust for potential confounders in HCV-infected patients, such as educational level, socioeconomic status, and other psychosocial issues, which may be the true etiologic basis for the association of HCV with adverse pregnancy outcomes.
Recent studies have suggested that maternal HCV infection is a risk factor for intrahepatic cholestasis of pregnancy (ICP). In a meta-analysis of three studies, the pooled odds of ICP in pregnant women who were infected with HCV compared to pregnant women who were not was 20.40 (95% CI, 9.39-44.33), although significant heterogeneity was present among these studies. (21) Although the mechanism behind this association is not entirely clear, the authors suggested several possible explanations, including the down-regulation by HCV of adenosine triphosphatebinding cassette transporter multidrug resistance protein 2 (MRP2), which would induce a failure in the transport of toxic substances and subsequent defect on bile transport; this effect on MRP2 would be further compounded by the high estrogen and progesterone levels during pregnancy. In addition, HCV viremia can cause direct cytopathic effects on biliary epithelial cells, creating an environment that facilitates the occurrence of ICP at an earlier gestational age. Given the increased association with ICP, women with HCV during pregnancy should be counseled and educated on the risk of developing ICP during pregnancy.
Perinatal Transmission of HCV
Several studies have evaluated the rate of perinatal transmission of HCV. In a large meta-analysis including 109 studies, the pooled estimated rate of transmission was 5.8% (95% CI, 4.2%-7.8%). (22) Maternal coinfection with HIV was the most important predictor of risk, with an estimated rate of perinatal transmission of 10.8% (95% CI, 7.6%-15.2%). Only viremic mothers are at risk of transmission; those with anti-HCV who have spontaneously cleared HCV RNA or have been successfully treated are not at risk of transmission. Higher maternal HCV viral load may increase the risk of HCV transmission, (23) although no threshold has been identified. In addition, maternal injection drug use has been suggested as an independent risk factor for HCV perinatal transmission. (24) One potential explanation for injection drug use as an independent risk factor for perinatal transmission is that injection drug use may be associated with a higher likelihood of acute hepatitis during pregnancy (with higher titer viremia and absence of antibodies early in infection), leading to increased risk of transmission. (25) The timing of mother-to-child transmission of HCV during pregnancy has also been evaluated. In a study of 54 children infected with HCV and tested within 3 days of birth, (26) 17 (31%) were positive in the first 3 days of life and therefore acquired infection in utero. However, 37 (68%) were negative during the first 3 days of life and 27 were positive when tested again at 3 months, suggesting that late intrauterine or intrapartum transmission occurred. Similarly, in a study conducted by the Tuscany Study Group of Hepatitis C Virus Infection in children, approximately half of the 5% of children born with HCV were HCV RNA-positive at birth, suggesting intrauterine transmission (and not necessarily intrapartum transmission). (27) Postpartum transmission of the virus through breastfeeding is rare. (28) Thus, the majority of transmission appears to occur in the late intrauterine or in the peripartum period. However, more studies are needed to determine the exact mechanisms and timing of transmission.
Interventions to reduce perinatal transmission of HCV to the newborn are limited (Table 1) . Although studies indicate that the majority of mother-to-child transmission occurs at or around the time of delivery, a clear benefit of caesarian section has not been established. (29) Furthermore, avoidance of breastfeeding is not associated with a decreased risk of motherto-child transmission. Two studies demonstrated a potential association with prolonged duration of ruptured membranes, (30, 31) leading experts to recommend caesarean section if rupture of membranes is prolonged or invasive monitoring is required. The Society for Maternal-Fetal Medicine (SMFM) has developed guidelines regarding pregnancy management in patients with HCV to reflect these data (Table 1) . (32) Anti-HCV antibodies are present in the newborn's blood as a result of passive placental transfer from infected mothers and can persist for the first 12-15 months of life. (33) Thus, perinatal transmission defined by antibody status requires the persistence of anti-HCV antibodies to beyond 18 months of age. Alternatively, an early diagnosis can be made using HCV RNA testing, with presence of HCV RNA in an infant older than 2 months of age and confirmed on two different sampling occasions being consistent with chronic HCV infection in the infant. (34) 
HCV Infection in Children
Perinatal transmission is the primary transmission route among children and is responsible for 60%-90% of cases of HCV in children. In the United States, an estimated 23,000 to 46,000 children live with chronic HCV. (35) However, a recent study found that among 1,026 infants exposed to HCV, only 96 (9%) were actually screened for HCV postpartum. (36) Similarly, in a study conducted at the University of Pittsburgh, only 96 of 323 (30%) children of mothers with HCV who were seen in a pediatric clinic were ever tested for HCV, (36) and in a prospective cohort of 879 women with opioid use disorder being seen in a specialized obstetrics clinic, only 180 (45%) had the appropriate diagnostic follow-up. (37) Thus, among women known to have HCV during or prior to pregnancy, many children often remained untested and may have had undiagnosed HCV infection.
The effect of HCV infection on children may begin in utero. One study evaluated HCV-exposed neonates and found them to have lower levels of regulatory T cells and rates of clusters of differentiation (CD)4+ and CD8+ T-cell activation as well as lower plasma levels of proinflammatory markers than controls, suggesting a relative suppression of immune activation in neonates exposed to HCV. (38) Another study suggested that HCV can be transmitted to the neonate as early as the first trimester, especially in women coinfected with HIV, which would potentially have implications on early organ development. (39) Early transmission would potentially lead to long-term tolerance to HCV antigens and loss of pathogen-specific immune competence, although there are limited clinical data to support this. (29) Abbreviations: C-section, cesarean section; CVS, chorionic villus sampling; ROM, rupture of membranes.
Although 12%-64% of vertically infected children spontaneously clear HCV, long-term infection can lead to cirrhosis, hepatocellular carcinoma, decompensated liver disease, and need for liver transplant in later childhood or young adulthood. (40, 41) Studies have demonstrated potential extrahepatic effects of HCV infection in childhood, with significant reduction in both physical and psychosocial health as well as cognitive function in children with HCV compared to children without HCV. (42, 43) Healthrelated quality of life in children with HCV has also been found to be significantly lower in children with HCV, with improvements after treatment. (44) Finally, the presence of autoimmune disease has also been associated with HCV in children. (45) Collectively, these studies highlight the need to consider treatment in all eligible children. Treatment with DAAs is currently available and approved for children over age 12 or over 35 kg in weight, and ongoing trials with DAAs are under way for younger children, with a recent trial demonstrating safety and efficacy of ledipasvir/sofosbuvir for children as young as 6 years of age. (3, 46) These data emphasize the importance of taking all measures to decrease the risk of HCV transmission to the child and make a strong case for increasing treatment of HCV in women of childbearing age before pregnancy in order to prevent childhood infections occurring by perinatal transmission. Women of childbearing age have therefore been identified by AASLD-IDSA as a high-priority HCV treatment group before they become pregnant. 
Pregnancy Is a Unique Opportunity to Engage Women in HCV Care
Pregnancy represents a time of engagement in medical care and a unique opportunity to identify HCV infection. Moreover, with the expansion of Medicaid to cover women in pregnancy and for perinatal care, (47) this may be the opportunity to engage vulnerable populations, including women who inject drugs. Recognizing the gap in diagnosis that plagues elimination efforts in the United States, the new AASLD-IDSA recommendation to screen all women during pregnancy for HCV is to be applauded. Additionally, because pregnancy and the perinatal period may be the only time that women have health insurance, this may be the perfect opportunity to confirm viremia, evaluate stage of disease, and discuss future treatment. In high-risk patient populations, such as injection drug users, treatment as a prevention strategy as well as a cure of HCV would potentially decrease further transmission to others and eliminate the risk of HCV transmission in future pregnancies. Indeed, this unique opportunity to engage women in HCV care has prompted consideration of HCV treatment during pregnancy. 
HCV Treatment During Pregnancy
Given the rise in HCV infection among women of childbearing age as well as the availability of highly effective DAA agents for HCV, the possibility of using DAAs during pregnancy has begun to be explored. Many of the DAA agents have been labeled as pregnancy category B (or equivalent), indicating that the DAAs are not associated with toxicity to the fetus in animal data but that adequate human studies are lacking. (48) As a result, a phase 1 trial evaluating ledipasvir/sofosbuvir during the third trimester of pregnancy is under way, with results anticipated in 2019. (49) In addition, another study is evaluating the use of sofosbuvir/velpatasvir in the postpartum period after breastfeeding is complete. (50) Investigators from regions of the world where HCV is prevalent among pregnant women have already begun to develop protocols for treatment during pregnancy. For example, clinicians in India reported on 15 pregnant women treated with ledipasvir/sofosbuvir, with all patients achieving SVR at 12 weeks (SVR12) and no reports of adverse pregnancy outcomes. (51) Furthermore, a recent survey of women with HCV or a history of HCV in the United States found that 60% of women would be interested in undergoing HCV therapy during pregnancy if it would reduce the risk of mother-to-child transmission, despite the limited current safety and efficacy data on HCV treatment during pregnancy. (52) The optimal timing of treatment in relation to pregnancy and prevention of perinatal transmission is yet to be determined. Given the lack of current safety data on DAAs during pregnancy, AASLD-IDSA guidelines recommend treatment of HCV prior to pregnancy or delayed until after pregnancy. Women of childbearing age should be prioritized for treatment to prevent future potential transmission to their children. However, there may be potential benefits to treatment during pregnancy. Timely antiviral therapy may be able to potentially decrease perinatal transmission, similar to what is achieved by third-trimester treatment of high viremia mothers with chronic hepatitis B. (47) In addition, as previously emphasized, pregnancy may be the only time when uninsured women have health coverage and can obtain access to DAA medications. Finally, most young women who become pregnant do not have advanced fibrosis and would therefore be eligible for an 8-week course of DAA therapy timed during the third trimester of pregnancy when any potential adverse effect on the fetus would be minimized. On the other hand, safety of DAAs during pregnancy has not yet been established, and treatment during pregnancy cannot be recommended until adequate safety data become available.
Concluding Remarks and Future Directions
The prevalence of HCV among pregnant women is rising in the United States, and recent recommendations by AASLD-IDSA guidelines are to screen all pregnant women for HCV, regardless of risk profile. On the other hand, the SMFM still endorses risk-based screening for HCV. (32) Efforts should be directed at unifying these recommendations across expert societies so that a clear recommendation is provided to obstetrics providers who will be screening pregnant women. If the universal HCV screening recommendation is endorsed by the SMFM, higher numbers of women with HCV will be identified during pregnancy.
The concept of HCV treatment during pregnancy requires thoughtful investigation of the risks and benefits to mother and fetus. More safety data on DAA use in pregnancy are urgently needed and will be hopefully available in the near future once results from clinical trials of DAAs during pregnancy are obtained.
In the interim, all women exposed to DAAs during pregnancy, especially in HIV coinfected patients, can potentially be included in the Antiretroviral Pregnancy Registry, which prospectively tracks exposure to HIV and HBV medications during pregnancy. (53) Once safety data become available, potential treatment during pregnancy, especially in high-risk individuals, can be evaluated on a case-by-case basis.
Whether treatment during pregnancy will impact perinatal transmission remains to be determined. Therefore, all efforts should be made to treat women of childbearing age prior to pregnancy. Preconception counseling should be performed, and delaying pregnancy until DAA therapy is completed should be recommended if possible. The efficacy of the DAAs is not expected to be diminished during pregnancy, but this too remains an open question. Current trials of DAAs for children as young as 3 years of age, if successful, will potentially reduce the concern for perinatal transmission, with early treatment of infected children possible. Given the changing epidemiology of HCV infection in the United States and the goal to eradicate the virus, identifying more women with HCV prior to as well as during pregnancy and children who acquire HCV through perinatal transmission will provide an opportunity to treat HCV in an expanding patient population. In doing so, this will be an ideal setting to impact the HCV cascade of care and assist in the elimination of HCV. 
